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Abstract 

Dietary intakes and plasma concentrations of retinol and carotenoids were estimated in assessing the vitamin A status of Korean adults living 
in Seoul and the metropolitan area. Three consecutive 24-h food recalls were collected from 106 healthy subjects (33 males and 73 females) aged 
20-59 years. Fasting blood samples of the subjects were obtained and plasma retinol and carotenoids were analyzed. The daily vitamin A intakes 
(mean±SD) were 887.77±401.35 ug retinol equivalents or 531.84±226.42 ug retinol activity equivalents. There were no significant differences 
in vitamin A intakes among age groups. The retinol intake of subjects was 175.92 ± 129.87 ug/day. The retinol intake of the subjects in their 50's 
was significantly lower than those in their 20's and 30's (P<0.05). Provitamin A carotenoid intakes were 3,828.37 ±2,196.29 ug/day J3-carotene, 
472.57 ± 316.68 ug/day a-carotene, and 412.83 ± 306.46 ug/day J3-cryptoxanthin. Approximately 17% of the subjects consumed vitamin A less than 
the Korean Estimated Average Requirements for vitamin A. The plasma retinol concentration was 1 .22 ± 0.34 umol/L. There was no significant 
difference in plasma retinol concentrations among age groups. However, the concentrations of ^-carotene, lycopene, and lutein of subjects in their 
50's were significantly higher than those of in their 20's. Only one subject had a plasma retinol concentration < 0.70 umol/L indicating marginal 
vitamin A status. Plasma retinol concentration in 30% of the subjects was 0.70- < 1.05 umol/L, which is interpreted as the concentration possibly 
responsive to greater intake of vitamin A. In conclusion, dietary intakes and status of vitamin A were generally adequate in Korean adults examined 
in this study. 
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Introduction 

Vitamin A is a generic term referring to both preformed 
retinoids and provitamin A carotenoids (a-carotene, {3-carotene, 
and J3-cryptoxanthin). Retinoids are present only in foods of 
animal origin such as liver, meats, and dairy products, while fruits 
and vegetables are major sources of provitamin A carotenoids. 
Vitamin A is an essential nutrient for eye health, gene expression, 
immune function, and growth in human beings [1]. One of the 
functions of provitamin A carotenoids is their ability to convert 
into retinols in the body [1], and carotenoids (a-carotene, |3 
-carotene, {3-cryptoxanthin, lutein, zeaxanthin, and lycopene) 
have been suggested to play a role as antioxidants, which are 
associated with a decrease of DNA damage and lipid peroxida- 
tion, a maintenance of immune function, as well as inhibition 
of cancer [2-5]. Several epidemiological studies have shown that 
high intakes of fruits and vegetables containing carotenoids are 
associated with relatively low incidences of chronic diseases 
including cardiovascular disease and certain types of cancers [6-8]. 

The Food and Nutrition Board of the Institute of Medicine 
(IOM) in 2001 set a new unit, ug retinol activity equivalents 



(ug RAE), to report the Dietary Reference Intakes (DRIs) values 
for vitamin A in the US and Canada [1]. However, the DRIs 
for Koreans, revised in 2010 by the Korean Nutrition Society, 
were given ug retinol equivalents (ug RE) for vitamin A 
recommendations [9] because the bioavailability and bioactivity 
of provitamin A carotenoids has not been determined as of yet 
for Koreans. For the dietary provitamin A carotenoids (a 
-carotene, {3-carotene, and J3-cryptoxanthin), ug RAE has been 
set as being equivalent to 24 ug, 12 ug, and 24 ug, respectively 
[1]; however, the provitamin A equivalency of ug RE is two 
times higher than that of ug RAE [9]. 

The new equivalency factor by the IOM makes very little 
difference in assessing the adequacy of adult diets whose intake 
of animal products of vitamin A already exceeds their recom- 
mendations of vitamin A, while for adults who obtain most of 
their vitamin A from carotenoids of plant products, this new 
conversion factor, ug RAE, for provitamin A carotenoids makes 
an important difference in estimating their dietary vitamin A 
intakes. Recently, Noh et al. [10] reported that Korean adults 
obtained over 80% of vitamin A from plant foods. Although 
average vitamin A intakes of Koreans are over the Recommended 
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Vitamin A status of Korean adults 



Nutrient Intakes (RNI) given as ug RE [9], the vitamin A status 
of Koreans may not be acceptable. Thus, it is important to 
identify vitamin A status with the intakes calculated in both ug 
RE and ug RAE along with an appropriate biochemical index 
indicating vitamin A status in Korean adults. 

Carotenoids are known to function as antioxidants in the body 
[11,12]. Several studies in other countries have reported the 
carotenoid intakes of individuals with their respective plasma 
concentrations [13-16]. However, dietary intake and plasma 
concentrations of carotenoids have been not determined in 
Korean adults. 

Therefore, the purposes of this study were to estimate the 
dietary intake and plasma concentration of retinol and carotenoids 
(a-carotene, J3-carotene, J3-cryptoxanthin, lutein, zeaxanthin, and 
lycopene) and to assess vitamin A status of 20-59 years old adults 
in Seoul as well as in the metropolitan area in Korea. 

Subjects and Methods 

Subjects 

Healthy adults participated in this study where subjects were 
aged from 20 to 59 years (33 males and 73 females) living in 
Seoul and the metropolitan area between June 2009 and January 
2010. The Institutional Review Board of Duksung Women's 
University approved the study and informed consent was 
obtained from each subject. 

Anthropometric measurements 

Interviewers measured the weights and heights of subjects in 
light clothing and barefoot. Body mass index (BM) was calculated 
as weight divided by squared height (kg/m 2 ). BMI was evaluated 
by using World Health Organization (WHO) standards for Asians 
[17]. In adults, BMI less than 18.5 kg/m 2 is defined as under- 
weight, BMI of 18.5 to 22.9 kg/m 2 as normal weight, BMI of 
23 to 24.9 kg/m 2 as overweight, BMI of 25 to 29.9 kg/m 2 as 
obese I, and BMI of more than 30 kg/m 2 as obese II. 

Dietary intake measurement 

Three consecutive 24-hour food recalls (2 weekdays and 1 
weekend day) were obtained from each subject by trained 
interviewers using food models. Retinol intakes were estimated 
using a CAN-pro 3.0 nutritional analysis program developed by 
the Korean Nutrition Society [18]. Carotenoid intakes (a-carotene, 
{3-carotene, ]3-cryptoxanthin, lutein, zeaxanthin, and lycopene) 
were measured by the values of the book, "Phytonutrient Contents 
in Vegetable/Fruits/Legumes," reporting carotenoid contents in 
plant foods [19], the values of carotenoids in some Korean foods 
[20,21], and the carotenoid values in the United States Department 
of Agriculture Food database [22]. Dietary vitamin A intakes 



in this study were calculated with retinol and provitamin A 
carotenoid intakes as both ug RE and as ug RAE (ug RE = ug 
retinol + ug f3-carotene/6 + ug a-carotene/ 12 + ug |3-cryptoxanthin/ 
12, ug RAE = ug retinol + ug P-carotene/12 + ug a-carotene/24 
+ ug |3-cryptoxanthin/24). 

Biochemical measurements 

Blood samples were collected from the subjects who had fasted 
overnight. Blood was protected from light and was kept cold 
on crushed ice. Blood samples were centrifuged at 3,000rpm at 
5°C for 10 minutes, and then plasma was frozen at -70 °C until 
analysis. The standards for a-carotene, J3-carotene, and lycopene 
were purchased from Sigma-Aldrich (St. Louis, MO, USA). |3 
-cryptoxanthin, lutein, and zeaxanthin were purchased from 
Indofine Chemical Company, Inc (Hillsborough, NJ, USA). All 
reagents purchased and used in this study were HPLC grade. 
Plasma retinol and carotenoids were analyzed using the 
high-performance liquid chromatography (HPLC) method by 
Kim et at. [11]. The HPLC system consisted of two 515 pumps, 
710 auto injector, 2487 dual X absorbance detector (Waters 
Associates, Inc., Mlford, MA, USA), and a C18 reversed-phase 
HPLC column (201 TP54, Vydac, Columbia, MD, USA, 25cm 
x 4.6 mm, 5 nm particle size). Wavelengths of 325 and 450 nm 
were used for the determination of retinol and carotenoids, 
respectively. The HPLC mobile phase was a mixture of 800 mL 
acetonitrile, 100 mL tetrahydrofuran, 60 mL methanol, and 40 
mL of 1% ammonium acetate solution in distilled water contain- 
ing 0.1% butylatedhydroxyltoluene. Mnimum detectable levels 
were 0.06 ng retinol, 0.09 ng a-carotene, 0.19 ng {3-carotene, 
0.11 ng |3-cryptoxanthin, 0.06 ng lutein, 0.03 ng zeaxanthin, and 
0.29 ng lycopene. Reproducibility was measured by analyzing 
one of plasma sample in this study in duplicate each time samples 
were analyzed, and the coefficients of variance were < 6% for 
retinol and <8% for each of the carotenoids. 

Statistical analysis 

Data were analyzed by age groups (20-29, 30-39, 40-49 and 
50-59 years) using SAS version 9.1.3 software (SAS Institute, 
Inc., Cary, NC, USA). The differences among age groups were 
analyzed using one-way ANOVA with the Least Significant 
Difference post-hoc test [23]. Pearson's correlation coefficients 
were calculated to determine correlations between intakes and 
plasma concentrations of retinol and carotenoids. Differences 
were considered significant at P<0.05. Values are reported as 
means ± standard deviations. 



Results 

Table 1 shows anthropometric measurements of the subjects 
by age group. The mean weight, height, and BMI (mean ± SD) 
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Table 1. Anthropometric measurement of 106 adults aged 20-59 years living in Seoul and the metropolitan area in Korea 



20-29 years (n = 51) 30-39 years (n = 24) -MM9 years (n = 21) 50-59 years (n = 1 0) Total (n = 106) 



Male (n) 


20 


7 


3 


3 


33 


Female (n) 


31 


17 


18 


7 


73 


Weight (kg) 


61.71 ± 10.39 


62.25 ± 11.53 


61.14±7.70 


58.90 ±4.65 


61 .45 ±9.72 


Height (cm) 166.71 ± 7.80 a1> 


165.42 ±9.49 a 


160.33 ±5.38" 


158.30 ±3.74 b 


164.36 ±8.06 


BMI 2) (kg/m 2 ) 


22.16±3.17 


22.63 ± 2.79 


23.75 ± 2.42 


23.51 ±1.71 


22.71 ±2.88 


Means within a row not sharing the same superscript letters differ significantly (P< 
21 Body Mass Index. 


0.05). 






Table 2. Dietary intakes of retinol, carotenoids, and vitamin A of 106 adults aged 20-59 years living in Seoul and the metropolitan area in Korea 




20-29 years (n = 51) 


30-39 years (n = 24) 


40-49 years (n = 21) 


50-59 years (n = 10) 


Total (n = 106) 


Retinol (yg / day) 


197.01 ±141. 57 a1) 


203.59 ±150.74" 


133.51 ±60.28* 


91.00 ±50.20" 


175.92 ±129.87 


a-Carotene (yg / day) 


454.98 ±299.70 


483.53 ± 342.89 


519.05 ±339.09 


438.43 ± 326.52 


472.57 ±316.68 


P-Carotene (yg / day) 


3,248.87 ± 1 ,574.92 


4,346.06 ±2,913.91 


4,150.47 ±2,246.49 


4,864.99 ±2,351 .43 


3,828.37 ±2,196.29 


{3-Cryptoxanthin (yg / day) 


384.34 ±301. 73 


450.42 ±318.05 


436.62 ± 307.63 


417.91 ±333.76 


412.82 ± 306.46 


Lutein/Zeaxanthin (yg / day) 


2,303.99 ±1,379.94 


3,517.30 ±3,487.79 


3,757.21 ± 3,396.43 


3,842.26 ± 2,588.78 


3,01 1.73 ±2,61 1.84 


Lycopene (yg / day) 


2,397.15 ±3,632.38" 


5,852.89 ±7,199.24 ab 


7,132.25±6,863.11 ab 


8,309.91 ±1,3361 .41 a 


4,675.47 ±6,6871 .20 


Vitamin A (yg RE 2 ) / day) 


808.44 ±327.54 


1,005.76 ±512.86 


904.90 ±412.77 


973.19 ±388.48 


887.77 ±401.35 


Vitamin A (yg RAE 3 ) / day) 


502.73 ±208.44 


604.67 ± 276.57 


519.21 ±220.52 


532.09 ± 184.11 


531 .84 ±226.42 



Means within a row not sharing the same superscript letters differ significantly (F<0.05). 
Retinol equivalents. 
Retinol activity equivalents. 



significantly lower than those in their 20's and 30's. The retinol 
intakes per 1,000 kcal in the 50's age group (44.63 ug/1,000 
kcal) were also significantly lower than those in their 20 's and 
30's (96.02 and 120.04 ug/1,000 kcal, respectively) (data not 
shown). However, lycopene intakes of subjects in their 50's were 
significantly higher than those in their 20's (P<0.05). Dietary 
intakes of J3-carotene and lutein/zeaxanthin tended to increase 
by age. The daily vitamin A intakes were 887.77 ± 401.35 ug 
RE or 53 1.84 ±226.42 ug RAE. There was no significant 
difference observed in vitamin A intakes among the age groups. 

Percentages of subjects consuming less quantities of vitamin 
A than suggested by Korean DRIs and US/Canadian DRIs are 
given in Fig. 1. Out of total subjects, 9.43% and 29.25% 
consumed less than the Korean Estimated Average Requirements 
(EAR) and RNI, respectively. However, 52.83% and 83.96% of 
subjects consumed less than EAR and Recommended Dietary 
Allowance (RDA) of US/Canadian DRIs, respectively. None of 
the subjects consumed vitamin A over the Tolerable Upper Intake 
Levels in both Korean and US/Canadian DRIs. 

Plasma concentrations of retinol and carotenoids in the subjects 
are given in Table 3. The mean plasma retinol concentration was 
1.22 ±0.34 umol/L. There was no significant difference in plasma 
retinol concentrations among age groups. The concentrations of 
|3-carotene, lycopene, and lutein of subjects in the 50's age group 
were significantly higher than those in the 20's age group (P 
< 0.05). But, there were no significant differences in a-carotene, 
{3-cryptoxanthin, and zeaxanthin concentrations among any of 
the age groups. 

Fig. 2 shows the distribution of plasma retinol concentrations. 
Only one male subject (0.94%) was marginal vitamin A status 




<EAR 

■ Korean DRI 



<RNI/RI 
US/Canadian DRI 



Fig. 1. Percentages of Korean adults consuming vitamin A less than Korean 
Dietary Reference Intakes (DRI) and less than US/Canadian DRI. None of the 
subjects consumed vitamin A more than Tolerable Upper Intake Level in Korean 
DRI and US/Canadian DRI. Estimated Average Requirement, EAR; Recommended 
Nutrient Intakes, RNI; and Recommended Dietary Allowance, RDA. 



were 61.45 ±9.72 kg, 164.36 ±8.06 cm, and 22.71 ±2.88 kg/m 2 , 
respectively. There were no significant differences in BMI among 
the groups. BMI was compared by using WHO standards [17]; 
4.72% of the subjects were underweight, 37.59% were normal 
weight, 24.53% were overweight, 19.81% were obese I, and 0.94 
% were obese II. 

Dietary intakes of retinol, carotenoids, and vitamin A are 
shown in Table 2. The mean retinol intake of the subjects was 
175.92 ± 129.87 Ug/day, and provitamin A carotenoid intakes 
were 472.57 ± 316.68 ug/day a-carotene, 3,828.37 ± 2,196.29 u 
g/day {3-carotene, and 412.82 ± 306.46 Ug/day fi-cryptoxanthin. 
The daily retinol intakes of subjects in the 50's age group were 
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Table 3. Plasma concentrations of retinol and carotenoids of 106 adults aged 20-59 years living in Seoul and the metropolitan area in Korea 


20-29 years (n = 51) 


30-39 years (n = 


24) 40^9 years (n = 


21) 50-59 years (n = 10) 


Total (n = 106) 


Retinol (umol/L) 


1.15 ±0.25 


1.38 ±0.46 


1.18±0.38 


1.27 ±0.26 


1.22 ±0.34 


a-Carotene (umol/L) 


0.10 ±0.08 


0.14 ±0.10 


0.11 ±0.05 


0.09 ±0.03 


0.11 ±0.08 


0-Carotene (umol/L) 


0.63 ± 0.47 b1) 


0.94 ±0.62* 


0.98 ± 0.54 ab 


1.13±0.32 a 


0.82 ± 0.54 


0-Cryptoxanthin (umol/L) 


0.10 ±0.05 


0.09 ± 0.04 


0.13±0.17 


0.10 ±0.03 


0.10 ±0.09 


Lutein (umol/L) 


0.23 ± 0.09 b 


0.31 ±0.15 b 


0.32±0.15 b 


0.42 ± 0.1 T 


0.28 ±0.14 


Zeaxanthin (umol/L) 


0.06 ±0.03 


0.08 ± 0.05 


0.07 ±0.03 


0.08 ±0.04 


0.07 ± 0.04 


Lycopene (umol/L) 


0.85 ± 0.37 b 


1.00±0.39 b 


0.97 ± 0.58" 


1.35±0.47 a 


0.96 ± 0.45 


Means within a row not sharing the same superscript letters differ significantly (P< 0.05). 






Table 4. Correlations between dietary intakes and plasma concentrations of retinol and carotenoids 












Plasma concentration 






Dietary intakes 

Retinol 


a-Carotene 


P-Carotene 


P-Cryptoxanthin 


Lutein Zeaxanthin 


Lycopene 


Retinol 0.06548 (0.5028) 1 ' 


0.02582 (0.7918) 


-0.01398 (0.8863) 


-0.04292 (0.6607) 0.03500 (0.7204) -0.08240 (0.3988) 


-0.08033 (0.4108) 


a-Carotene 0.04382 (0.6541) 


-0.11842 (0.2244) 


-0.11356 (0.2441) 


0.05509 (0.5731) -0.06781 (0.4877) 0.02936 (0.7641) 


-0.10061 (0.3025) 


P-Carotene -0.02774 (0.7767) 


-0.01613 (0.8690) 


0.29054 (0.0024)** 


0.14912 (0.1253) 0.20640 (0.0329)* 0.16606 (0.0874) 


0.18914 (0.0510) 


(3-Cryptoxanthin -0.02638 (0.7874) 


-0.03837 (0.6948) 


0.04904 (0.6160) 


-0.04507 (0.6448) -0.01275 (0.8963) -0.01432 (0.8836) 


0.09703 (0.3201) 


Lutein/Zeaxanthin -0.04746 (0.6273) 


0.07024 (0.4722) 


0.44334 (O.0001)** 


* 0.19896 (0.0399)* 0.34009 (0.0003)*** 0.24412 (0.0113)* 


0.27904 (0.0036)** 


Lycopene -0.05128 (0.5999) 


-0.09344 (0.3384) 


0.06837 (0.4841) 


0.04097 (0.6752) 0.01999 (0.8380) 0.01516 (0.8768) 


-0.03539 (0.7174) 



1) 



Discussion 

This study determined dietary intakes and plasma concen- 
trations of retinol and carotenoids (a-carotene, J3-carotene, |3 
-cryptoxanthin, lutein, zeaxanthin, and lycopene), and determined 
the vitamin A status of 20-59 years old adults in Seoul and the 
metropolitan area in Korea. 

The Korean DRIs in 2010 are given as ug RE while US/ 
Canadian DRIs are expressed as ug RAE for vitamin A 
recommendations. The Korean vitamin A EARs for males and 
females (> 20 years) are 500 to 540 ug RE and 430 to 460 
Ug RE, respectively [9]. The US/Canadian vitamin A EARs are 
625 tig RAE and 500 ug RAE for males and females 20 
years), respectively [1]. 

In this study, the mean vitamin A intake is in line with vitamin 
A intakes of Koreans aged 19 to 64 years (787.9 ±30.1 ug 
RE/day) reported in the Korea National Health and Nutrition 
Examination Survey, 2008, (KNHANES IV-2) (n = 4,816) [24]. 
However, the mean intake was lower than that of 24 to 
67-year-old Japanese adults (1,175 ±659 ug RE/day) (n = 53) 
[25], and was much lower than that demonstrated by the National 
Health and Nutrition Examination Survey (NHANES), 1999- 
2000, for the US population (n = 4239) aged over 20 years 
(744.67 ug RAE/day) [26]. The mean retinol intake from this 
study (175.92 ± 129.87 ug/day) was relatively lower than those 
of US adults (490 ug/day) in the NHANES, 1999-2000, (n = 
4239) [26] and 19 to 64 year-old UK adults (462 ug/day) in 
the National Diet & Nutrition Survey (NDNS), 2000-2001 (n 
= 1724) [27]. However, the mean daily carotenoid intakes in 
the current study were much higher than found in African- 
American adults (401 ug a-carotene, 2,867 ug J3-carotene, 97 



■significant at P<0.05, "significant at F<0.01, ""significant at P< 0.001 



60 



0.94 




<0.7 (jimol/L) 0.7-<1.05 ((imol/L) >1.05 (nmol/L| 

Plasma retinol concentration 

Fig. 2. Distribution of plasma retinol concentrations of 106 adults aged 20-59 
years in living in Seoul and the metropolitan area in Korea. 

based on plasma retinol concentration < 0.70 umol/L. Plasma 
retinol concentrations of 30% of the subjects were 0.70- < 1.05 
Umol/L, which may be interpreted as a vitamin A status possibly 
responsive to greater intake of vitamin A. 

Table 4 shows the correlations between dietary intakes and 
plasma concentrations of retinol as well as carotenoids. Dietary 
intake of {3-carotene was positively correlated with plasma {3 
-carotene concentration (r = 0.29054, P<0.01) and also with 
plasma lutein concentration (r = 0.20640, P<0.05). Dietary 
intake of lutein/zeaxanthin was positively correlated with plasma 
concentrations of |3-carotene (r = 0.44334, P< 0.0001), J3 
-cryptoxanthin (r = 0.19896, P<0.05), lutein (r = 0.34009, P< 
0.001), zeaxanthin (r = 0.24412, P<0.05), and lycopene (r = 
0.27904, P<0.01). 
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pg |3-cryptoxanthin, and 2,787 pg lycopene) [28] and the NDNS 
in the UK adults (331 pg a-carotene, 1,777.5 pg P-carotene, and 
67 pg P-cryptoxanthin) (n= 1,724) [27]. Several epidemiological 
studies have shown that high intakes of carotenoids are associated 
with relatively low risks of chronic diseases including cardiovascular 
disease and certain types of cancers [6-8]. Korean adults obtain 
their vitamin A mainly from plant foods [10]. Therefore, higher 
intakes of carotenoids of Korean adults may play an essential 
role in potent antioxidant concentrations and modulating the 
pathogenesis of several chronic degenerative diseases [29]. 

Both Korean [9] and the US/Canadian [1] groups have 
established the vitamin A recommendations using the EAR and 
RNI/RDA. In this study, 9.43% and 52.83% of subjects consumed 
less than vitamin A EARs for Koreans and US/Canadians, 
respectively. According to the NHANES, 2001-2002, 55 to 59 
% of US adults (n= 1988) consumed less than recommended 
by vitamin A EARs [30], which is in line with the results in 
this study. The subjects with in this study consuming lower levels 
than vitamin A RNIs for Koreans was 29.25 %, but 83.96 % 
consumed less than vitamin A RDAs of US/Canadian DRI. 
Although the values of Korean RNI and US/Canadian RDA are 
similar, the conversion factors of provitamin A carotenoids are 
different between them; therefore, there is a large difference in 
the prevalence of inadequate vitamin A intakes in the current 
study based on Korean RNI and US/Canadian RDA. 

A biochemical indicator, plasma (or serum) retinol is currently 
recommended for determining whether vitamin A deficiency is 
a public health problem [31]. In adults, appropriate cut-off levels 
are less firmly established [32], because plasma retinol concentration 
is homeostatically controlled and will not drop until body stores 
are significantly compromised [33]. However, determining the 
prevalence of plasma retinol concentrations below a defined 
cut-off point remains one of the most commonly used and widely 
accepted approach for assessing the vitamin A status of entire 
populations [34]. For assessing vitamin A status in adults, we 
set critical cut-off points for plasma retinol concentration at < 
0.35 pmol/L, indicated as vitamin A deficiency, < 0.70 pmol/L, 
generally accepted as indicating marginal vitamin A status, and 
0.7- < 1.05 umol/L, interpreted as possibly responsive to greater 
intake of vitamin A [35]. 

The mean plasma retinol concentration of Korean adults in 
this study was 1.22 ±0.34 umol/L, which was lower than the 
mean retinol concentrations of US adults (2.02 ±0.41 umol/L) 
(n = 307) and of Japanese 40 to 69 years-old adults (1.99 umol/L) 
[36,37]. The mean plasma a-carotene, fS-cryptoxanthin, lutein, 
zeaxanthin, and lycopene concentrations of the adults in this 
study were in line with means of a random sample of 307 
American adults [36] and 591 Dutch adults [38]. But, the mean 
plasma {3-carotene concentration (0.82 ±0.54 umol/L) of this 
study was much higher than those of American adults (0.52 p 
mol/L) [36] and Dutch adults (0.271 ±0.168 umol/L) [38], which 
may result from higher intakes of J3-carotene in the current study 
than in Western countries [36,38]. In the present study, there 



is a significant positive correlation between intakes and plasma 
concentrations of |3-carotene (r = 0.29054, P<0.01). High 
intakes and plasma concentrations of {3-carotene in Korean adults 
may be good for maintaining health, because J3-carotene is one 
of the powerful antioxidants [39]. 

None of the subjects had a plasma retinol concentration < 0.35 
umol/L, which is indicative of vitamin A deficiency. A plasma 
retinol concentration < 0.7 umol/L is used to indicate marginal 
vitamin A status and a plasma retinol concentration 0.7- < 1.05 
umol/L is the potential to get better as a high intake of vitamin 
A [35]. In this study, only one male subject (0.94 %) had plasma 
retinol concentration <0.7 pmol/L, and 30.19 % of subjects had 
plasma retinol concentration 0.7- < 1.05 pmol/L. However, 0.63 
% had plasma retinol concentration < 1.05 pmol/L in non- 
Hispanic adults and Mexican American adults aged > 19 years 
(n = 10,403) [40], which was lower than that of subjects in this 
study. 

In conclusion, dietary intakes and status of vitamin A were 
generally adequate in Korean adults of this study, although 17 
% of the subjects had low dietary intakes (less than Korean 
EARs) and one subjects had marginal vitamin A status (plasma 
retinol concentrations <0.70 pmol/L). However, vitamin A 
intakes less than EARs for US/Canadians were indicated in 53 
% of the adults and plasma retinol concentrations of 30 % were 
0.70- < 1.05 pmol/L, which is interpreted as possibly responsive 
to greater intake of vitamin A. Therefore, some individuals in 
Korea may exhibit an impairment of vitamin A function, and 
vitamin A status may improve with an increase of vitamin A 
consumption. Some adults in Korea need to be encouraged to 
consume vitamin A-rich food sources and be necessary to 
monitor their vitamin A status. 

Reference 

1. Institute of Medicine (U.S.). Panel on Micronutrients. Dietary 
Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, 
Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, 
Silicon, Vanadium, and Zinc. Washington DC: The National 
Academies Press; 2001. 

2. Vilchez C, Forjan E, Cuaresma M, Bedmar F, Garbayo I, Vega 
JM. Marine carotenoids: biological functions and commercial 
applications. Mar Drugs 2011;9:319-33. 

3. Gropper SS, Smith JL, Groff JL. Advanced Nutrition and Human 
Metabolism, 5th ed. Belmont, CA: Thomson Wadsworth; 2008. 
p.373-90. 

4. Cote J, Arnoux E, Sorci G, Gaillard M, Faivre B. Age-dependent 
allocation of carotenoids to coloration versus antioxidant defences. 
J Exp Biol 2010;213:271-7. 

5. Rao AV, Rao LG. Carotenoids and human health. Pharmacol Res 
2007;55:207-16. 

6. Bazzano LA, He J, Ogden LG, Loria CM, Vupputuri S, Myers L, 
Whelton PK. Fruit and vegetable intake and risk of cardiovascular 
disease in US adults: the first National Health and Nutrition 
Examination Survey Epidemiologic Follow-up Study. Am J Clin 
Nutr 2002;76:93-9. 



50 



Vitamin A status of Korean adults 



7. Block G, Norkus E, Hudes M, Mandel S, Helzlsouer K. Which 
plasma antioxidants are most related to fruit and vegetable 
consumption? Am J Epidemiol 2001;154:1113-8. 

8. Stacewicz-Sapuntzakis M, Diwadkar-Navsariwala V. Carotenoids. 
In: Wolinsky I, Driskell JA, editors. Nutritional Ergogenic Aids. 
Boca Raton, FL: CRC Press; 2004. p.325-54. 

9. The Korean Nutrition Society. Dietary Reference Intakes for 
Koreans. Seoul: Kookjin Publishing Co; 2010. 

10. Noh HH, Kim YN, Cho YO. Intakes and major food sources of 
vitamins A and E of Korean adults living in Seoul and Gyeonggi 
province. Korean J Nutr 2010;43:628-37. 

11. Kim YN, Giraud DW, Cho YO, Driskell JA. Vitamin A inadequacy 
observed in a group of 2- to 6-year-old children living in Kwangju, 
Republic of Korea. Int J Vitam Nutr Res 2007;77:311-9. 

12. Kim Y, Mok JH, Han KH, Kim KN, Hyun TS. Nutritional status 
and dietary intake of vitamin A in primary school children: 5th 
and 6th grade students in Chungbuk. Korean J Nutr 2001;34: 
671-7. 

13. Brady WE, Mares-Perlman JA, Bowen P, Stacewicz-Sapuntzakis 
M Human serum carotenoid concentrations are related to physiologic 
and lifestyle factors. J Nutr 1996;126:129-37. 

14. Michaud DS, Giovannucci EL, Ascherio A, Rimm EB, Forman 
MR, Sampson L, Willett WC. Associations of plasma carotenoid 
concentrations and dietary intake of specific carotenoids in 
samples of two prospective cohort studies using a new carotenoid 
database. Cancer Epidemiol Biomarkers Prev 1998;7:283-90. 

15. Ritenbaugh C, Peng YM, Aickin M, Graver E, Branch M, Alberts 
DS. New carotenoid values for foods improve relationship of 
food frequency questionnaire intake estimates to plasma values. 
Cancer Epidemiol Biomarkers Prev 1996;5:907-12. 

16. Scott KJ, Thurnham DI, Hart DJ, Bingham SA, Day K. The 
correlation between the intake of lutein, lycopene and beta- 
carotene from vegetables and fruits, and blood plasma concentra- 
tions in a group of women aged 50-65 years in the UK. Br J 
Nutr 1996;75:409-18. 

17. WHO Western Pacific Region. The Asia-Pacific Perspective: 
Redefining Obesity and Its Treatment. Manila: WHO Western 
Pacific Region; 2000. 

18. The Korean Nutrition Society. Computer Aided Nutritional Analysis 
Program for Professionals. Seoul: The Korean Nutrition Society; 
2002. 

19. Research Institute of Food and Nutritional Sciences; Yonsei 
University. Phytonutrient Contents in Vegetable/Fruits/Legumes. 
Seoul: Shinkwang; 2009. 

20. Kim YN, Giraud DW, Driskell JA. Tocopherol and carotenoid 
contents of selected Korean cooked combination foods consumed 
by young Korean children. Nutr Sci 2006;9:323-9. 

21. Kim YN, Giraud DW, Driskell JA. Tocopherol and carotenoid 
contents of selected Korean fruits and vegetables. J Food 
Compost Anal 2007;20:458-65. 

22. USDA National Nutrient Database for Standard Reference, 
Release 21. USA; [accessed 2009 June-December]. Available 
from: http://www.nal.usda.gov/fnic/foodcomp/search/. 

23. Rosner B. Fundamentals of Biostatistics. 5th ed. Pacific Grove, 
CA: Duxbury; 2000. 

24. Ministry of Health and Welfare, Korea Centers for Disease 
Control and Prevention. The fourth Korea National Health and 
Nutrition Examination Survey (KNHANESIV-2); 2008. 

25. Ntanios FY, Homma Y, Ushiro S. A spread enriched with plant 
sterol-esters lowers blood cholesterol and lipoproteins without 



affecting vitamins A and E in normal and hypercholesterolemic 
Japanese men and women. J Nutr 2002;132:3650-5. 

26. Ervin RB, Wright JD, Wang CY, Kennedy-Stephenson J; Division 
of Health and Nutrition Examination Surveys. Dietary intake of 
selected vitamins for the United States population: 1999-2000. 
Adv Data 2004;(339):l-4. 

27. Henderson L, Irving K, Gregory J, Bates CJ, Prentice A, Perks 
J, Swan G, Farron M. The National Diet & Nutrition Survey: 
adults aged 19 to 64 years. 2003;3:11-68. 

28. Resnicow K, Odom E, Wang T, Dudley WN, Mitchell D, 
Vaughan R, Jackson A, Baranowski T. Validation of three food 
frequency questionnaires and 24-hour recalls with serum carotenoid 
levels in a sample of African-American adults. Am J Epidemiol 
2000;152:1072-80. 

29. Sangeetha RK, Baskaran V. Carotenoid composition and retinol 
equivalent in plants of nutritional and medicinal importance: 
efficacy of beta-carotene from Chenopodium album in retinol- 
deficient rats. Food Chem 2010;119:1584-90. 

30. NHANES 2001-2002: Usual Nutrient Intakes From Food 
Compared To Dietary Reference Intakes. What We Eat in 
America. United States Department of Agriculture; 2005. 

31. de Pee S, Dary O. Biochemical indicators of vitamin A deficiency: 
serum retinol and serum retinol binding protein. J Nutr 2002; 132: 
2895S-2901S. 

32. Rice AL, West KP Jr, Black RE. Vitamin A deficiency. In: Ezzati 
M, Lopez AD, Rodgers A, Murray C, editors. Comparative 
Quantification of Health Risks: Global and Regional Burden of 
Disease Attributable to Selected Major Risk Factors. Geneva: 
WHO; 2004. p.211-56. 

33. Olson JA. Vitamin A, retinoids and carotenoids. In: Shils ME, 
Olson JA Shihe M editors. Modem Nutrition in Health and Disease, 
8th ed. Philadelphia: Lippincott Williams & Wilkins; 1994. 
p.287-307. 

34. Sommer A, Davidson FR; Annecy Accords. Assessment and 
control of vitamin A deficiency: the Annecy Accords. J Nutr 
2002;132:2845S-2850S. 

35. Pilch SM. Assessment of the vitamin A nutritional status of the 
U.S. population based on data collected in the Health and 
Nutrition Examination Surveys. Bethesda, MD: Federation of 
American Societies for Experimental Biology; 1985. 

36. Ascherio A, Stampfer MJ, Colditz GA, Rimm EB, Litin L, 
Willett WC. Correlations of vitamin A and E intakes with the 
plasma concentrations of carotenoids and tocopherols among 
American men and women. J Nutr 1992;122:1792-801. 

37. Persson C, Sasazuki S, Inoue M, Kurahashi N, Iwasaki M, Miura 
T, Ye W, Tsugane S; JPHC Study Group. Plasma levels of 
carotenoids, retinol and tocopherol and the risk of gastric cancer 
in Japan: a nested case-control study. Carcinogenesis 2008;29: 
1042-8. 

38. Jansen MC, Van Kappel AL, Ocke MC, Van 't Veer P, Boshuizen 
HC, Riboli E, Bueno-de-Mesquita HB. Plasma carotenoid levels 
in Dutch men and women, and the relation with vegetable and 
fruit consumption. Eur J Clin Nutr 2004;58:1386-95. 

39. The World's Healthiest Foods [Internet]. Beta-carotene; [cited 
2011 September 27]. Available from: http://www.whfoods.com/ 
genpage.php?tname=nutrient&dbid= 125. 

40. Ballew C, Bowman BA, Sowell AL, Gillespie C. Serum retinol 
distributions in residents of the United States: third National 
Health and Nutrition Examination Survey, 1988-1994. Am J Clin 
Nutr 2001;73:586-93. 



